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ABSTRACT 
 
 
Plant-parasitic nematodes cause significant losses to plant agriculture annually.  
The limited availability and high cost of synthetic nematicides, along with the 
environmental risks associated with their use, have created a renewed interest in the 
search for alternative management tactics.  One such alternative tactic is the use of plant 
extracts.  The focus of this research is the evaluation of the nematicidal activity of water 
extracts from Pokeweed (Phytolacca americana).  In vitro and greenhouse tests were 
performed to evaluate the effects of the extracts on five species of plant-pathogenic 
nematodes of economic importance:  Aphelenchoides fragariae, Ditylenchus dispsaci, 
Meloidogyne incognita, Pratylenchus penetrans, and Rotylenchulus reniformis.  Chapter 
1 describes an in vitro method for screening of compounds in aqueous suspensions, using 
small volumes.  The results show differential susceptibility of three species of nematodes 
to oxamyl, the carbamate nematicide used as positive control.  The mode of action of 
oxamyl is through the inhibition of acetylcholinesterase (AChE).  The marked differences 
in the inhibition potency of oxamyl on AChE of D. dipsaci, P. penetrans and A. fragariae 
are discussed.  Chapter 2 reports the results of screening for nematicidal activity of 
extracts from six plants:  Aloe barbadensis (aloe), Ilex opaca (American holly), Nerium 
oleander (oleander), Phytolacca Americana (pokeweed), Pueraria montana (kudzu), and 
Quercus shumardii (red oak).  Different plant parts and two extraction methods were 
evaluated for each plant species on three nematode species.  Results showed that extracts 
from pokeweed leaves were the only ones with consistently high activity against the three 
nematode species.  Additionally, different solvents were evaluated for extraction of 
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compounds from pokeweed leaves, including acetone, ethanol, and methanol.  Chapter 3 
evaluates water extracts from pokeweed leaves in the greenhouse for activity against R. 
reniformis and M. incognita on soybean plants.  Greenhouse results show the extracts are 
a promising alternative for management of M. incognita.  Extracts were analyzed by 
chromatography for identification of prominent compounds with reported activity against 
other microorganisms.  Two of the compounds identified, astragalin and chlorogenic 
acid, were evaluated in vitro individually, but did not show nematicidal activity at the 
concentrations present in the extracts.  Based on in vitro and greenhouse assays, we 
conclude that pokeweed leaf extracts show nematicidal activity that could be 
incorporated in an integrated pest management plan for several plant-pathogenic 
nematode species. 
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INTRODUCTION 
 
 
Plant-parasitic nematodes cause significant losses to agriculture annually.  The 
limited availability and high cost of synthetic nematicides, along with the environmental 
risks associated with their use, have created a renewed interest in the search for 
alternative management tactics.  One such alternative tactic is the use of plant extracts.  
Recently, several natural products of plant origin have been commercialized for 
management of plant-parasitic nematodes and other soil borne pathogens (Nguyen et al, 
2009).  Many plant compounds which are active against mammalian parasites have been 
screened for activity against plant-parasitic nematodes (Oka et al., 2000). Higher plants 
have yielded a broad spectrum of active compounds, including polythienyls, 
isothiocyanates, glucosinolates, cyanogenic glycosides, polyacetylenes, alkaloids, lipids, 
terpenoids, sesquiterpenoids, diterpenoids, quassinoids, steroids, triterpenoids, simple and 
complex phenolics, and several other classes (Chitwood, 2002).   
The objective of this research is to evaluate the nematicidal activity of water 
extracts from Pokeweed (Phytolacca americana).  For this purpose, in vitro and 
greenhouse tests were performed on five species of plant-pathogenic nematodes of 
economic importance:  Aphelenchoides fragariae, Ditylenchus dispsaci, Meloidogyne 
incognita, Pratylenchus penetrans, and Rotylenchulus reniformis.    
 
Pokeweed (Phytolacca americana) is a large, weedy, perennial herb native to 
eastern North America but widely distributed in Asia and Europe.  With high seed 
production and bird-dispersed fruits, the plant establishes readily in disturbed habitats 
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(McDonnell et al., 1984).   Pokeweed has a long history of medicinal use, being 
employed traditionally in the treatment of diseases related to a compromised immune 
system. The plant has an interesting chemistry and it is currently being investigated as a 
potential anti-AIDS drug.  It contains anti-inflammatory agents, antiviral proteins and 
substances that affect cell division. These compounds are toxic to many disease-causing 
organisms. All parts of the plant are toxic, and can cause diarrhea and vomiting (Aron 
and Irvin, 1980).     
 
Ravikiran et al. (2011) summarizes the known constituents in the plant to date.  
The berries contain saponins, shown to be composed of 28,30-dicarboxy- and/or 
carbomethoxy oleanenes. In the whole plant, triterpene saponines and Phytolacca 
mitogens have been identified.  In the leaves, the flavanoles astragalin and isoquercetrin 
have been found.  Ripe berries contain betacyanines (phytolaccin); the red sap of the 
fruits contains mainly betanin.  The roots contain triterpensaponins and phytolaccosides.  
After acid hydrolysis the aglyca are:  esculentic acid, jaligonic acid, jaligonic acid- 30-
methyl ester (esculentic acid-30-methylester (phytolaccagenic acid)).  
 
Plant-pathogenic nematodes.  All cultivated plants are susceptible to at least one 
nematode species.  Thus, the potential exists for nematode parasitism in all climates and 
on any crop.  The degree of damage caused by nematodes to a given crop in any given 
field is related to the nematode population density.  The symptoms of nematode damage 
vary greatly and may be relatively indistinct.  Some plant-parasitic nematodes produce 
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diagnostic symptoms, but many only produce nonspecific symptoms.  The damage and 
symptoms caused can be visible above-ground, and these are often similar to those 
caused by water or nutrient deficiencies.  The main above-ground symptoms of nematode 
root damage are poor or stunted growth, reduced foliage, dieback, chlorosis, and poor 
fruit production.  Generally, it is necessary to examine the roots to establish a connection 
between damage and the presence of nematodes.  It has been documented that with some 
crops a suppression of yield occurs prior to the expression of diagnostic symptoms.   
 
Plant-pathogenic nematode life cycles consist of the egg, four juvenile stages, and 
the adults.  The duration of the life cycle is dependent on host suitability and 
environmental conditions, and varies greatly among genera, ranging from a few days to 
several months.  Although most nematodes are root parasites, there are nematodes 
adapted to parasitism in all plant tissues and organs.  Plant-parasitic nematodes can be 
classified based on their mode of parasitism:  ectoparasitic migratory, endoparasitic 
migratory, ectoparasitic sedentary, endoparasitic sedentary.  The species selected for this 
study include both sedentary and migratory nematodes, as follows:  
 
Foliar nematodes (Aphlenchoides fragariae) are migratory endo-ectoparasites 
feeding on foliage, stems, flowers, and other aerial parts of plants.  Foliar nematodes 
cause economic losses in alfalfa, strawberries, and ornamental plants (Jagdale and 
Grewal, 2002). This nematode is distributed across the globe on a wide range of nursery-
grown crops including numerous ferns, foliage and flowering plants, and herbaceous and 
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woody perennials.  Aphelenchoides fragariae feeds primarily on the epidermis, 
mesophyll and parenchyma tissues of leaves. Symptoms typically appear as vein-
delimited lesions, chlorosis, necrosis, leaf tattering, and defoliation.  An increase in the 
number of ornamental plant samples diagnosed with foliar nematodes has been recorded 
over the last years in the southeastern United States (Windham et al., 2005).  The 
cultivation and sale of herbaceous perennial plants is an increasing multimillion-dollar 
industry in the US.  As the market demand for perennial plants continues to grow, foliar 
nematodes are likely to become an even larger threat to the nursery industry due to an 
increase in the interstate and international movement of ornamental crops, as well as 
extremely limited management options. 
 
Stem and bulb nematodes (Ditylenchus dipsaci) are migratory endoparasites 
that infect bulbs, stems, pods, and seeds of a variety of plants including oats, alfalfa, 
clovers, tulip, narcissus, onion, garlic, strawberry, and many weed species.  Over 450 
plant host species have been reported and it is considered one of the most devastating 
plant-parasitic nematodes in temperate regions.  All stages of D. dipsaci are vermiform, 
and feed primarily on parenchyma tissue, secreting large amounts of cell-wall degrading 
enzymes that cause much tissue destruction.  Infected stems are often swollen, stunted, 
and distorted and leaves can be malformed.  Severe crown rot can also be present in some 
hosts.  In onion plants, at 15C, the life cycle is around 20 days.  With slow drying, the J4 
stage can enter anhydrobiosis and can survive for years in this stage.  The survival 
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potential and large host range enables long-term persistence of populations in infested 
fields (Greco et al., 1991).   
 
Root-knot nematodes (Meloidogyne incognita) are sedentary endoparasites with 
a very wide host range.  Only the second-stage juvenile (J2) is infective, with root tips 
being the primary infection court.  The J2 migrate through the cortical tissue and 
establish a permanent feeding site in the region of differentiation of vascular tissues.  In 
addition to roots, these nematodes may also infect other below-ground tissues such as 
potato tubers, peanut pegs and pods, and rhizomes, corms, or bulbs of various crops.  
Meloidogyne spp. are called root-knot nematodes because of the characteristic galling of 
host roots at each infection site.  The galls are due primarily to hyperplasia and 
hypertrophy of cortical tissue surrounding the nematode.  Under favorable conditions, M. 
incognita can complete its life cycle in 4-5 weeks, with the production of several hundred 
eggs by each female.   
 
Reniform nematode (Rotylenchulus reniformis) is a sedentary, semi-
endoparasitic pest of a wide range of crops and is widely distributed in tropical, 
subtropical and warm temperate zones in South America, North America, the Caribbean, 
Africa, southern Europe, the Middle East, Asia, Australia, and the Pacific (Gaur and 
Perry, 1991; Robinson et al., 1997).  The vermiform female penetrates the root 
perpendicular to the stele and to feed on a pericycle or endodermal cell, where it induces 
a multicellular syncytium of cells that are largely differentiated before infection.  During 
the next two weeks, the female enlarges into a saccate form protruding from the root, is 
fertilized by males, and lays eggs in a gelatinous matrix. The nematode completes its life 
cycle in 20 to 29 days. Temperature affects the life cycle duration and degree of damage.  
A short life cycle and high density of feeding sites along roots contribute to rapid 
population development and high population densities.  More than 300 plant species in 77 
families are hosts (Gaur and Perry, 1991; Robinson et al., 1997).  The greatest challenges 
to managing R. reniformis are its wide host range and ability to survive long periods 
without a host in dry soil.  In cotton fields in the United States, the nematode occurs at 
high population densities as deep as 1 meter, hampering fumigant efficacy (Robinson et 
al., 1997). 
Lesion nematodes (Pratylenchus penetrans) are migratory endoparasites that 
feed primarily on cortical tissues of smaller, non-suberized roots.  They may also infect 
tubers, peanut pods, and other below-ground organs.  Migration through host tissue and 
feeding activities results in destruction of host cells with formation of necrotic lesions.  
Cells in the cortex are broken and cavities formed, and discoloration of tissue occurs.  All 
life stages, except J1, are parasitic and can be found in host roots and surrounding soil.  
The effect of P. penetrans on hosts may be enhanced by interaction with root-infecting 
fungi.   
6 
7 
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CHAPTER ONE 
 
DIFFERENTIAL SUSCEPTIBILITY TO OXAMYL OF THREE PLANT-
PARASITIC NEMATODES 
 
 
ABSTRACT  
Oxamyl is a carbamate nematicide that controls a broad spectrum of nematodes, 
insects, and other organisms.  It is used on field crops, vegetables, fruits, and ornamental 
plants and may be applied directly onto plants or the soil.  The mode of action of oxamyl 
is through the inhibition of acetylcholinesterase (AChE), the enzyme that hydrolyzes the 
excitatory neurotransmitter acetylcholine at the neuromuscular synapse.  The objective of 
this study was to measure the inhibition potency of oxamyl on AChE of three plant-
parasitic nematodes:  D. dipsaci, P. penetrans, and A. fragariae.  A photometric method 
was used to determine AChE activity in nematode homogenates, using acetyl-thiocholine 
as a substrate.  A range of concentrations of oxamyl was used to determine the 
concentration that inhibited 50% of nematode AChE activity (IC50) for each nematode 
species.  These observations were supplemented with in vitro toxicity assays in which 
live nematodes were exposed to eight different doses of oxamyl ranging from 25 to 6250 
(mg/l) for 24 hours.  Percent survival was calculated after 24 hours of exposure and after 
recovery for 24 hours in water.  Sigmaplot 12.5 software was used to determine the LD50 
and IC50 for each species.  In the inhibition studies, P. penetrans, with an IC50 of 4 ×10
-8
 
(M) was the most sensitive to AChE inhibitors of the three species evaluated.  
Ditylenchus dipsaci, with an IC50 of 4×10
-6
 (M), was the least sensitive.  In the toxicity 
assays, there were significant differences between adults and juveniles of the three 
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species.  Lesion nematode was almost 100 times more susceptible to oxamyl than the 
stem and bulb nematodes.  These results highlight the importance of developing different 
recommendations for application rates of oxamyl for control of these nematode species. 
 
INTRODUCTION 
  Oxamyl is a non-fumigant carbamate insecticide/ nematicide (Chen et al., 2004), 
the scientific name is methyl N/, N/ -dimetyl-N-13[(metylcarbamoyl) oxy]-1-
thiooxamimidate (Belasco and Jr, 1980). Different concentrations of oxamyl can be 
applied for different species of nematode as well as, different crops.  Method of 
application is one of the most important factors to consider when determining which 
concentration of oxamyl use. For foliar treatment of plant-parasitic nematodes on yams, 
the concentration is 2400 (mg/l) as an in-furrow spray. Varying concentrations are used 
with in-furrow drenched in onion and garlic for stem and bulb nematodes 6000 (mg/l), or 
root knot, lesion, and burrowing nematodes 2400 (mg/l). However, the pre-plant 
concentration for an in-furrow drench is 22000 (mg/l) (DuPont
TM
 Vydate
®
). Oxamyl at 
1200 (mg/l) as foliar applications was not phytotoxic to most plant species tested (Alvan, 
1975). Although it can move upward or downward in the plant, the movement is faster 
from the roots to the foliage than from the foliage to the roots (Alphey et al., 1985). Filed 
trials and in-vitro assays have found differences in the susceptibility of plant parasitic 
nematodes, entomopathogenic nematodes, and free living nematodes, to non-fumigant 
and fumigant nematicides (Gowen, 1977; Bell et al., 2006; Wada and Toyota, 2008). 
Organophosphate and carbamate nematicides have ability to inhibit acetylcholinestrase 
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(AChE) in insects, nematodes and mammals. This enzyme is responsible for the 
destruction acetycholine, which is transmitter at central nervous system synapses in 
insects (Leake and Walker, 1980). AChE is an impulse transmitting substance between 
gaps of cholinergic synapses (Nordmeyer and Dickson, 1990 a). When AChE is 
inhibited, acetylcholine accumulates and causes paralysis of insects and nematodes. 
Acetylcholinestrase has two active sites, an anionic site that contains an ionized 
carboxylic acid that helps bind the positively –charged  trimethylammonium group of the   
substrate (Corbett et al., 1984), and an esteratic site that catalyzes the hydrolysis of the 
anionic site (Krupka, 1966). Foliar nematodes, A. fragariae, have a wide host range in the 
USA, Canada, and Europe and causes severe damage to many agricultural 
andgreenhouse-grown crops, and landscape plants. Aphelenchoides fragariae causes 
economic loss in alfalfa, strawberries, and ornamental plants. (Jagdale and Grewal., 
2002).The root-lesion nematode, P. penetrans is an endoparasitic nematode that causes 
economic and yield losses in many crops including forages, vegetables and tobacco 
(Jagdale et al., 2002). The stem and bulb nematode, D.dipsaci, is an obligate endoparasite 
of higher plants. It attacks aerial parts, bulbs and tuber of plants such as garlic, onion, 
potato, alfalfa, clover, corn, and oats. The interning to the plant being through the shoots 
and then through the stomata and colonize in parenchymal tissue where feed and 
reproduction (Greco et al., 1991). The objectives of this study are, 1)  to determine  the 
susceptibility among three species and life stages of plant parasitic nematodes, P. 
penetrans, A. fragariae and    D. dipsaci to different concentrations of Oxamyl, and 2) to 
measure the inhibition potency of oxamyl on AChE of these three species. 
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MATERIALS AND METHODS 
Source of nematodes: Both of D. dipsaci and P. penetrans were collected from 
root of alfalfa plants were grown on Gamborg B5 Medium in petri dishes, and A. 
fragariae was collected from fungi culture was grown on potato dextrose agar medium. 
For all species Baermann Funnel method was used to extract nematodes. 
In vitro sensitivity assay:  Eight concentrations ranging from 25 to 6250 (mg/l), of 
oxamyl were evaluated with each of the three species.  The different concentrations of the 
nematicide were prepared in 10µl and added to 90 µl of an aqueous suspension of 
nematode mixed stages (350 individuals per tube) in plastic micro centrifuge tubes of 1.5 
ml.  Tubes were incubated at 22°C±2°C for 24 h.  Survival was determined by movement 
and touches of nematodes in a 15µl aliquot and counting approximately 20 individuals 
each time for three times.  Adult and juvenile survival numbers were registered 
separately.  Recovery was assessed by transferring the nematodes to fresh water and 
incubating at 22°C±2°C for 24 h.  Each treatment was replicated three times and the 
experiment was performed twice.  ANOVA analyses were performed in JMP 11software 
(SAS Institute, Cary, NC). Sigmaplot 12.5 software was used to determine the LD50 for 
each species. 
 Acetylcholinesterase assays: All chemicals for these assays were purchased from 
Sigma Aldrich, which were  Acetylthiocholine iodide (AchSI) substrate and 5, 5’-
dithiobis (2-nitrobenzoic acid) (DTNB) Ellman's reagent.  Approximately 6000 
individual mixed stages of each nematode species were homogenized in 1000 µl in ice 
cold buffer phosphate (pH 7) with 50 mg glass beads by using motor mixed in micro 
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centrifuge tube (1500 µl) for 5 min, 500 µl  were added for wash the stick of motor. 
Homogenate was centrifuged at 4 °C with 2900 g for 15 min. and the clear supernatant 
was used immediately.   Three replicates were used for each species. 
 Determination of Acetylcholinesterase activity:  Acetylcholinesterase activity 
activities were measured by the spectrophotometric method developed by Ellman 
(Ellman et al., 1961). Acetylthiocholine iodide and [5, 5 -Dithiobis (2-nitrobenzoic acid)] 
were used as substrate to measure of cholinesterase activity, and the clear supernatant of 
nematode homogenate was used as source of acetylcholinesterase enzyme. A 150 µl of 
clear supernatant of nematode homogenate was mixed with 1500 µl of phosphate buffer 
solution (pH 8), 100 µl of 5, 5’-dithiobis (2-nitrobenzoic acid) (DNAB) 0.1 (M) (3.9 mg/ 
10 ml), and 20 µl of Acetylthiocholine iodide (AchSI) 0.075 (M), 21.67 (mg/ml). All 
replicates were incubated at 25 °C   and measured at 405 nm using (eppendorf 
BioPhotometer plus) at 5, 10, 20, 30, and 40 min (Al-Rehiayani, 2008). The hydrolysis of 
acetylthiocholine was observed by the formation of yellow color of 2-nitro-5-
sulfidobenzene-carboxylate anion as the result of the reaction of DTNB with thiocholine. 
To calculate AChE activity (M/min), the extinction coefficient of the yellow anion is 
(1.36×10
4
) was used (Ellman et al., 1961).  
 
Acetylcholinesterase Inhibition: Five concentrations 1.0×10
-10
, 1.0×10
-8
, 1.0×10
-
6
, 1.0×10
-4
, and 1.0×10
-2
 (M), of oxamyl were prepared by dissolve in acetone.  A 10 μl 
from concentration of Oxamyl was added to 100 µl of 5,5'-dithiobis (2-nitrobenzoic acid) 
(DNAB) 0.1 (M) (3.9 mg/ 10 ml)and 150 μl of clear supernatant of nematode 
𝑅𝑎𝑡𝑒(
𝑚𝑜𝑙𝑒𝑠
𝐿 𝑝𝑒𝑟 𝑚𝑖𝑛
) =
∆ 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒
13000
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homogenate and incubated for 10 min at 25°C. The reaction was started by adding 20 µl 
of Acetylthiocholine iodide (AchSI) 0.075(M), 21.67 (mg/ml) and incubated for 10 min 
at 25°C then measured at 405 nm. The hydrolysis of acetylthiocholine was observed by 
the formation of yellow color of 2-nitro-5-sulfidobenzene-carboxylate anion as the result 
of the reaction of DTNB with thiocholine. The percentage Inhibition of cholinesterase 
activity was calculated. Sigmaplot 12.5 software was used to determine the IC50 for each 
species 
 
RESULTS 
In vitro sensitivity assays: The susceptibility to oxamyl was different among the 
three species of nematodes. For three species the LD50 were 1592, 1017, and 204.7 
(mg/l), oxamyl of D. dipsaci, A. fragariae, and P. penetrans respectively. For D. dipsaci 
the LD50 were 1592, 1011 (mg/l), oxamyl of adults and juveniles respectively (figure 1), 
1017, 650.8 (mg/l), oxamyl of A. fragariae adults and juveniles respectively (figure 2), 
and 204.7, 125(mg/l), oxamyl of P. penetrans adults and juveniles respectively (figure 3). 
Juveniles were more susceptible to oxamyl than adults in all three species. D. dipsaci was 
less than nine times susceptible to oxamyl than the P. penetrans, and one time and half 
susceptible than A. fragariae. 
Determination of Acetylcholinesterase Activity: the activities of AChE for three 
species of nematodes were calculated according to Ellman method (Ellman et al., 1961). 
AChE activity of D. dipsaci, A. fragariae and P. penetrans, was 741.4, 351.3, and 375.8 
(nM/min), respectively. Differences absorbance versus time was illustrated (figure 4).  
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Inhibition Acetylcholinesterase: the IC50 for three species were 4×10
-6
, 4×10
-7
, 
and 4×10
-8
 (M), oxamyl of D. dipsaci, A. fragariae, and P. penetrans respectively (figure 
5, 6, and 7).  
 
DISCUSSION 
The results indicate that the three species of nematodes were differentially 
susceptible to oxamyl. After 24 h exposure to oxamyl, there was no recovery when 
nematodes were transferred to fresh water. These results are supported by another study 
conducted on M. incognita juveniles, which reported that exposure of this nematode to 
4000 (mg/l), oxamyl for 40 min resulted in, only 30% recovery when transferred to 
distilled water. In that study, all juveniles were straight and motionless after exposure for 
20 h in solutions of oxamyl ranging from 500 to 4000 (mg/l), oxamyl (McGarvey et al., 
1984). The speed and amount of recovery is dependent upon both the period of exposure 
and the concentration of nematicides combined with the distribution and relative 
sensitivity of the AChE molecular classes within the neuroanatomy (Opperman and 
Chang 1991). ).  Acetylcholinesterase molecular forms can be grouped into three classes 
based on biochemical properties, including substrate affinity, inhibitor sensitivity, 
detergent sensitivity, and thermolability (Chang and Opperman, 1991). 
Acetylcholinesterase occurs in two states in nematodes: a soluble fraction operating at the 
neuromuscular synapse and thought to be the immediate target of inhibitors, and a 
relatively insoluble fraction with unknown primary function (Russell and Burns, 1987). 
The nematodes species in our study exhibit considerable diversity in sensitivity of AChE 
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to oxamyl. D. dipsaci was 10 times less sensitive than A. fragariae, and 100 times than P. 
penetrans. (Opperman and Chang, 1990) reported that the IC50 of Meloidogyne arenaria, 
M. incognita, and  Heterodera glycines was 7.3×10
-7
,  7.6×10
-7
and 2.1×10
-6
 (M), of 
oxamyl , respectively. H. glycines was less inhibited than other nematodes by oxamyl 
with 2.1×10
-6
 (M) of oxamyl, which we consider very close to our results for D. dipsaci 
comparing with H. glycines, and of A. fragariae comparing with Meloidogyne spp. H. 
glycines  has significantly  more amount of class C AChE activity per mg protein than do 
either C. elegans or Meloidogyne spp. thus, H. glycines  less sensitive to nematicides than 
species with lesser amount of this enzyme types, such as Meloidogyne spp. class C AChE 
is relatively insensitive to carbamate and organophosphate when compared with other 
nematode AChE classes or to vertebrate AChEs (Chang and Opperman, 1992) . 
(Suloiman, 2008) reported the IC50 for Tylenchulus semipenetrans, Meloidogyne 
javanica, and Heterodera avenae were 7.5×10
-7
, 1.5×10
-8
, and 7.7×10
-4
 (M), of oxamyl, 
respectively. H. avenae was less inhibited than other nematodes by oxamyl with 7.7×10
-4
 
M, oxamyl, while M. javanica was inhibited the most with 1.5×10
-8
 (M), oxamyl, results 
for M. javanica were very close to the result of P. penetrans. The results of this study of 
LD50 for three species of nematode are supported that, D. dipsaci less sensitive to oxamyl 
than other nematode, which is demonstrate that amount and types of AChE for this 
nematode probably tolerates from higher doses of oxamyl. Furthermore, the AChE 
activity of D. dipsaci was higher than other nematodes.  We suggest that, P. penetrans 
possesses a small amount of class C AChE activity, and lacks class B AChE activity, 
which may affect the immediate sensitivity to low doses of nematicides. It’s possible that 
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P. penetrans possesses a high amount of class A AChE activity, which is the most 
sensitive class to inhibitors (Johnson and Stretton, 1980; Russell and Burns 1987). Class 
B AChE is 10-100 times less sensitive to carbamate and organophosphate inhibitors than 
class A AChE (Chang and Opperman, 1992). We also suggest that, D. dipsaci possesses a 
high amount of class C AChE activity, which resulted in less sensitive to oxamyl than 
other nematodes. Regarding to A. fragariae we suggest that possesses less amount of 
class C AChE than D. dipsaci, and possesses less amount of class A AChE than P. 
penetrans.  The difference between species in sensitivity of total nematode AChE to 
inhibitors, seem likely to be related to differential distribution of AChE classes between 
these species.  These classes of AChE differ from each other in their biochemical 
properties, including sensitivity to inhibitors (Opperman and Chang, 1990). Multiple 
molecular forms of AChE have been isolated from C. elegans, Heterodera glycines,  
Radopholus similis, and M. incognita  (Nordmeyer and Dickson, 1990b., Chang and 
Opperman, 1992., Johnson and Russell, 1983). Further studies with AChE types and 
classes within and among these three species of nematodes needs to be done to 
demonstrate the differential susceptibility to oxamyl.  
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Figure 1.1. Percentage of survival of adults and juveniles of Ditylenchus dipsaci after 
exposure for 24 h to different concentrations of oxamyl. 
20 
Figure 1.2. Percentage of survival of adults and juveniles of Aphelenchoides fragariae 
after exposure for 24 h to different concentrations of oxamyl. 
21 
Figure 1.3. Percentage of survival of adults and juveniles of Pratylenchus penetrans after 
exposure for 24 h to different concentrations of oxamyl. 
22 
Figure 1.4. Acetylcholinesterase activity of; Ditylenchus dipsaci, Aphelenchoides 
fragariae, and Pratylenchus penetrans measured at 405 nm after 5, 10, 20, 30, and 40 
min. The hydrolysis of acetylthiocholine was observed by the formation of yellow color 
of 2-nitro-5-sulfidobenzene-carboxylate anion as the result of the reaction of DTNB with 
thiocholine 
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Figure 1. 5. Inhibition of acetylcholinesterase (AChE) activity by increasing 
concentrations of oxamyl.  Different concentrations of oxamyl from 1 × 10
-10
 to 1 × 10
-2
(M) were added to supernatant of nematode homogenate of Ditylenchus dipsaci, and then
incubated at 25°C for 10 min. The reaction was started by adding Acetylthiocholine
iodide (AchSI) and incubated for 10 min at 25°C then measured at 405 nm. The enzyme
activity is shown as percent of control (mean, n=3).
24 
Figure 1. 6. Inhibition of acetylcholinesterase (AChE) activity by increasing 
concentrations of Oxamyl.  Different concentrations of oxamyl from 1 × 10
-10
 to 1 × 10
-2
(M) were added to supernatant of nematode homogenate of Aphelenchoides fragariae
then incubated at 25°C for 10 min. The reaction was started by adding Acetylthiocholine
iodide (AchSI) and incubated for 10 min at 25°C then measured at 405 nm. The enzyme
activity is shown as percent of control (mean, n=3).
25 
Figure 1. 7. Inhibition of acetylcholinesterase (AChE) activity by increasing 
concentrations of oxamyl.  Different concentrations of oxamyl from 1 × 10
-10
 to 1 × 10
-2
(M) were added to supernatant of nematode homogenate of Pratylenchus penetrans, and
then incubated at 25°C for 10 min. The reaction was started by adding Acetylthiocholine
iodide (AchSI) and incubated for 10 min at 25°C then measured at 405 nm. The enzyme
activity is shown as percent of control (mean, n=3).
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CHAPTER TWO 
NEMATICIDAL ACTIVITY OF WATER EXTRACTS OF SELECTED PLANTS 
AMONG THREE PLANT-PARASITIC NEMATODE SPECIES 
ABSTRACT 
Three species of plant-parasitic nematodes, P. penetrans (root lesion nematode), 
A. fragariae (foliar nematode) and D. dipsaci (stem and bulb nematode) were used to
evaluate the nematicidal activity of water extracts from Nerium oleander (oleander) 
leaves, Quercus shumardii (red oak) leaves and seeds, Phytolacca americana (pokeweed) 
leaves and seeds, Aloe barbadensis (aloe) leaves, Pueraria montana (kudzu) leaves, and 
Ilex opaca (American holly) leaves and seeds. The objective of this study was to evaluate 
the nematoxicity of water extracts of different parts of plants that have been reported as 
having bioactive compounds against microorganisms. Two different temperatures of 
water, hot (70°C) and room temperature (RT, 22°C) were used to extract parts of plants.  
Room temperature water extracts of pokeweed leaves were the only treatment that had an 
effect on all species. A supplemental experiment was added to evaluate organic solvents 
extracts of pokeweed leaves and seeds, and compare with RT water extracts of pokeweed 
leaves. Three organic solvents; ethanol, methanol and acetone were used to extract 
pokeweed leaves and seeds. The RT water extracts of pokeweed leaves effect was more 
conspicuous among all species of nematodes than organic solvent extracts. Acetone alone 
as a control treatment resulted in high mortality of juveniles of A. fragariae (88.9%). 
Ethanol alone as a control treatment caused high mortality of juveniles of both of A. 
fragariae and P. penetrans, 78.6% and 64.5%, respectively. Room temperature water 
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extract of pokeweed leaves had the second high effect on adult of both of D. dipsaci and 
P. penetrans, and the third high effect on juveniles of both of D. dipsaci, P. penetrans,
and both stages of A. fragariae among all solvent extracts. In the toxicity assay different 
concentrations of RT water extracts of pokeweed leaves ranging from 2.2×10
3
 to 1.8×10
4
(mg/l) were used to determine the LD50   for three species. The LD50 for A. fragariae and 
P. penetrans were 8765.8 and 8515(mg/l), respectively. The mortality of D. dipsaci with
the highest concentration 1.8×10
4
 (mg/l) was less than 50%. The results in this study
suggest that RT water extracts of pokeweed leaves could be used as alternative 
nematicides to control and manage these two species of plant parasitic nematodes. 
INTRODUCTION 
Plant parasitic nematodes cause $157 billion global agriculture losses annually 
(Abad et al., 2008). Management of phytoparasitic nematodes is attempted using different 
agricultural practices such as crop rotation, resistant cultivars, and synthetic nematicides. 
The faster practice to control and manage plant parasitic nematodes is using chemical 
nematicides. However, their high cost, limited availability, and the environmental hazards 
that they cause have resulted in reassessment (Akhtar and Malik, 2000). Recently, many 
natural products have been isolated from many higher plants which have a wide spectrum 
of active compounds. Several anti-nematodal compounds have been obtained from fungi, 
and other biocontrol approaches have been investigated. Many natural compounds which 
are active against mammalian parasites could be active against plant parasitic nematodes 
(Chitwood, 2002).  
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In this study, water extracts from several higher plant parts were evaluated as 
natural nematicides against three plant parasitic nematode species. These plants have 
been reported as poisonous to animals or humans, or to possess bioactive compounds 
which inhibit microorganisms. Vogler and Ernst (1999) confirmed that total leaves 
extracts of Aloe vera may contain anthraquinone compounds.  Anthraquinones were 
isolated from different parts of Cassia nodosa and their antimicrobial activity against 
various bacterial and fungal strains has been confirmed (Yadav et al., 2013).  Langford 
and Boor (1996) reported that N. oleander species contain cardenolides in their tissues 
that have a negative effect on hearts of animals and humans. Ethanol extract of N. 
oleander leaves demonstrated high antimicrobial activity against a wide spectrum of 
bacterial strains (Hussain and Gorsi, 2004). Leaves extracts of N. oleander demonstrated 
larvicidal activity against most genera of mosquitos in Vellora city, India (Lokesh et al., 
2010). Aqueous leaves extracts of N. oleander have larvicidal and pupicidal activity 
against the malarial vector, Anopheles stephensi, and the mortality of instars and pupae 
was increased with high doses (Roni et al., 2013).  
The water extract of fresh P. montana tissues was highly effective against 
anthracnose of crucifer caused by Colletotrichum higginsianum; the disease severity was 
reduced to 22.2%, compared to 94.4% for the untreated controls (Muto et al., 2005). The 
genus of Ilex has been known for its numerous biological activities like antioxidant, anti-
microbial, cytotoxic, anti-platelet aggregation, anti-inflammatory, etc. Most of the plants 
of this genus are rich sources of triterpenoids and saponins. Besides, these plants also 
contain flavonoids, alkaloids, anthocyanins and other phenolics. 
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The bioactive constituents of plant extracts, in the form of herbal drugs from this 
genus, have been validated for the treatment of various diseases and these could be used 
as a new formulation for the novel drugs needed in pharmaceutical industries (Kothiyal et 
al., 2012). Fruit of pokeweed possesses mollusicide activity (Krochmal and LeQuesne, 
1970). An antimicrobial peptide, Pa-AMP, was isolated from the seeds of pokeweed. The 
IC50 of this antimicrobial ranged from 3 to 41 (mg/l) depending on the microorganisms 
tested, which were fungi and positive and gram negative bacteria (Minami et al., 1998). 
The crude extracts of chloroform and hexane of aerial parts of pokeweed were high active 
against two species of bacteria which cause oral diseases in humans (Patra et al., 2014).  
MATERIALS AND METHODS 
Source of nematodes.   Ditylenchus dipsaci and P. penetrans were collected from 
roots of alfalfa plants grown on Gamborg B5 Medium in petri dishes, and A. fragariae 
was collected from fungal culture grown on potato dextrose agar medium. The Baermann 
Funnel method was used to extract nematodes.  
Preparation of plant extracts using hot and room temperature (RT, 22°C).   All 
plant parts were dried in an oven for three days at 37ᵒС and were ground using a home 
blender.  The ratio of extraction was 1 g: 10 ml (plant dried material: distilled water). A 
magnetic hotplate stirrer was used in the process of extraction. The hot water extract was 
for 4h at 70°C, and the RT water extract was for 6h at 22°C (Pandey et al., 2014). 
Whatman filter No 1 was used to filter all extracts followed by filtration through cellulose 
acetate membrane 0.2 µm. Ten 48-well plates were used, one for a positive control and 
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nine for treatments. Each plate of a treatment had the two extracts:  hot and RT.  Each 
treatment was applied to the three species of plant- parasitic nematodes.  Six replicates 
were used for each extract. Approximately 20 individual nematodes in a 50 µl suspension 
were used in each well and 50 µl of an extract was added.  All plates were placed in an 
incubator at 22°C for 24 h. The experiment was repeated twice. Analysis of variance was 
performed and Student’s test was used for means comparisons. 
Preparation of organic solvent extracts of pokeweed leaves and seeds.  
Pokeweed leaves and seeds were dried in an oven for three days at 37ᵒС and ground using 
a home blender. Three organic solvents (ethanol, methanol and acetone) were used to 
extract pokeweed leaves and seeds. The concentration of the three solvents was 100%.  
The ratio of extraction was 1 g: 10 ml (plant dried material: organic solvent). All beakers 
that contained organic solvents and pokeweed parts were placed on a shaker at 100 rpm 
for three days at room temperature, and then a yield of each solvent was filtered through 
a Whatman No. 1 filter. This process was repeated three times. The final yields were 
evaporated at room temperature. A dried paste resulted after solvents evaporated. The 
paste was weighed and redissolved in the same solvent used for extraction to give a final 
concentration of 100 (mg/l) (Nguyen et al., 2009).  Ten µl from this concentration were 
added to 90 µl of an aqueous suspension of nematode mixed stages (350 individuals per 
tube) in 1.5 ml plastic micro centrifuge tubes.  Tubes were incubated at 22°C ± 2°C for 
24 h.  Mortality was determined by movement and probing the nematodes in a 15µl 
aliquot and counting approximately 20 individuals each time for three times.  Adult and 
juvenile mortality numbers were registered separately. The experiment was repeated 
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twice. Analysis of variance was performed and Student’s test was used for means 
comparisons. 
Room temperature water extracts of pokeweed leaves to determine LD50  
Six concentrations of RT water extracts from pokeweed leaves ranging from 2.2×10
3
 to
1.8×10
4
 (mg/l)
 
were evaluated with three species of plant parasitic-nematodes.  The ratio
of extraction was 1:10 (plant material: distilled water). The percentage of plant materials 
dissolving in RT water was 20%.  Different volumes of pokeweed extracts (12.5, 25, 50, 
100, 300, and 900 µl) were added to 100 µl of an aqueous suspension of nematodes with 
approximately 25 individuals of A. fragariae, D. dipsaci or P. penetrans. All treatments 
were incubated at 22±2°C for 24 h. Mortality was determined by movement of nematodes 
under the stereoscope. Recovery was assessed after transferring to fresh water and 
incubating at 22±2°C for 24 h.  Each treatment had five replicates and each experiment 
was performed twice. The data were analyzed by ANOVA and a Student’s t- test for 
means comparisons was performed. Probit analysis was used to determine LD50 in JMP 
version 11(SAS Institute, Cary, NC). 
RESULTS 
Room temperature water extract of pokeweed leaves was the only treatment that 
affected all species (Table 1).  
Acetone alone as a control treatment resulted in high mortality of juveniles of A. 
fragariae which was 88.9%. Ethanol alone as a control treatment had high mortality on 
juveniles of both of A. fragariae and P. penetrans, which was 78.6% and 64.5%, 
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respectively.  Methanol control had the highest mortality on juvenile of D. dipsaci, 
around 25%. 
  Organic solvent extracts of pokeweed leaves had varying effects among the three 
species and stages of plant-parasitic nematodes.  Methanol extracts of leaves resulted in 
low mortality of adults and high mortality of juveniles of D. dipsaci, 21.5% and 80.4%, 
respectively.  These extracts caused high mortality of A. fragariae for both adults and 
juveniles, which was 87% and 99%, respectively. However, it caused only low mortality 
of P. penetrans for both, adult and juvenile, which was 18% and 21%, respectively.  
Acetone extracts of pokeweed leaves resulted in low mortality of P. penetrans for 
both, adult and juvenile; 33.5% and 47.8%, respectively. However, they caused high 
mortality of D. dipsaci for both, adults and juveniles, which were 90.3% and 96%, 
respectively.  
Ethanol extracts of pokeweed leaves were more constant on A. fragariae and P. 
penetrans, resulting in significant different between juveniles of A. fragariae and P. 
penetrans and adults of two species. However, there was no significant different between 
ethanol control and ethanol extracts on adults of D. dipsaci.  
Acetone seed extracts were more nematotoxic than acetone leaves extracts on 
both stages of P. penetrans. Methanol seeds extract were more nematotoxic than 
methanol leaves extract on juveniles of both of D. dipsaci and P. penetrans. Ethanol 
seeds extracts were more nematotoxic than ethanol leaves extract on juveniles of D. 
dipsaci.  
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Room temperature water extracts of pokeweed leaves had higher effects than 
organic solvent extracts of pokeweed leaves among all species.  These extracts has the 
second high effect on adults of D. dipsaci and P. penetrans, and the third high effect on 
juveniles of D. dipsaci, adult of A. fragariae and juveniles of P. penetrans among all 
extracts (Table 2). 
In the toxicity assay, different concentrations of RT water extracts of pokeweed 
leaves ranging from 2.2 ×10
3
 to 1.8×10
4
 (mg/l)
 
were used to determine the LD50 for three
species. The LD50 of P. penetrans was 8515 (mg/l) (Fig 1). The LD50 of A. fragariae was 
8765.8 (mg/l) (Fig 2). The mortality of D. dipsaci with the highest concentration which is 
1.8×10
4 
(mg/l)
 
was less than 50%, but the software was able to determine the LD50, which
was 40724 (mg/l) (Fig 3). 
DISCUSSION 
The differences of cuticle structures of these nematode species could be 
responsible for the varying solvent effect among three species. Methanol extracts of 
pokeweed leaves, caused high mortality of A. fragariae of both stages. In contrast, it 
caused low mortality of P. penetrans of both stages, adult and juvenile. The methanol 
extract also caused high mortality of juveniles of D. dipsaci, 77.6%; and low mortality of 
adults, 19.2%. Ethanol extract of pokeweed leaves had a similar effect on D. dipsaci for 
adults and juveniles. It had intermediate effects on P. penetrans on stages, adults and 
juveniles.  Acetone extract of pokeweed leaves caused high mortality of both stages of D. 
dipsaci; intermediate mortality on both stages of P. penetrans; and differential effects on 
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both stages of A. fragariae. All solvent extracts of pokeweed seeds had intermediate 
effects on juveniles among all plant parasitic nematode species.  
Room temperature water extracts of pokeweed leaves demonstrated more 
consistent effects on all species among all extracts. It had an intermediate effect on 
juveniles of P. penetrans and A. fragariae; the mortality was about 50%, and it had a low 
effect on juveniles of D. dipsaci; the mortality was about 35%. This extract resulted in 
mortality of adults of the three less than 32%.  
The saponin content of RT water extract could be responsible for nematicide 
activity that showed in this study. The presence of saponins was observed by formation 
of foam after shaking RT water extracts of pokeweed leave (Hernández-Villegas et al., 
2011). Saponins were found to be nematotoxic to all the three phytoparasite species, 
Xiphinema index, M. incognita, and Globodera rostochiensis; and their activity was 
dependent on the concentration and nematode incubation time (D’Addabbo et al., 2011).  
Saponins from Moringa arborea, Medicago arabica and Medicago sativa in different 
concentrations all possessed nematicidal activity against the plant-parasitic nematode X. 
index (Argentieri et al., 2008).  Esculentoside P was isolated from root of P. americana 
using acetone; it was the main active phytolaccasaponin. This biological compound is a 
promising candidate as an acaricide against Tetranychus cinnabarinus (Ding et al., 2013).  
Five new triterpene saponins named phytolaccasaponins were isolated from the roots of 
P. americana (Wang et al., 2008). Saponins are recognized to increase cell membrane
permeability in organisms (Francis et al., 2002). (Kim et al., 2005) examined the 
allelochemical effects of water extracts of P. americana leaves at room temperature on 
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the germination rate and seedling growth of Cassia mimosoides var. nomame. The results 
demonstrated that the extract inhibited seed germination, seedling growth, and biomass. 
The total concentrations of phenolic compounds in water extracts of P. americana leaves 
were 0.77 (mg/l). (Vito et al., 2007) found differential responsibility of egg hatching of 
Globodera rostochiensis, at low and high concentrations of pokeweed fruit extract. 
Hatching of eggs of G. rostochiensis was suppressed at the largest concentration and 
stimulated at intermediate concentrations of pokeweed fruit extract.  The large content of 
saponins and potassium in P. americana fruits extract could be responsible for this result. 
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Table 2.1. Percentage of mortality of three species of plant parasitic nematodes after 24 h 
exposure to two different temperatures of water extracts: hot (70°C) and room 
temperature (22°C), from selected parts of plants at concentration of 1×10
4
 (mg /l).
Part of plant 
Hot water Room temperature water 
D. dipsaci A. fragariae P. penetrans D. dipsaci A. fragariae P. penetrans
Control 4.1±0.34de 3.3±0.44de 3.8±0.53cd 4.1±0.34b 3.3±0.44d 3.8±0.53b
N. oleander leaves 9.8±0.81b 2.6±0.24d 2±0.38d 6.2±0.30b 5.3±0.31bcd 6±0.54b
Q. shumardii leaves 7.5±0.4bcd 7±0.48ab 7.7±0.29a 6.4±0.30b 7.8±0.46bc 6.8±0.36b
Q. shumardii seeds 5.3±0.72cde 9.4±0.54a 6.3±0.29abc 7±0.27b 8.1±0.44b 5.2±0.10b
P.americana leaves 10.2±0.64b 7.5±0.38ab 7.8±0.37a 12.6±0.91a 43.9±1.02a 53.1±1.04a
P.americana seeds 20.3±0.55a 6.6±0.35abc 6.8±0.29ab 6.6±0.32b 7.2±0.35bc 5.7±0.19b
A.barbadensis leaves 2.9±0.45e 3.4±0.59cde 4.6±0.49bcd 3.6±0.63b 3.8±0.64cd 5.9±0.71b
P. montana leaves 9.1±0.45bc 5.5±0.64bcde 7.3±0.34ab 6.5±0.32b 4.7±0.53bcd 6.1±0.30b
Ilex opaca   leaves 5.4±0.58cde 4.5±0.49bcde 5.3±0.56abc 5.5±0.61b 5.1±0.56bcd 6.4±0.33b
Ilex opaca seeds 5.4±0.61cde 6.1±0.37abcd 6.3±0.35abc 5.7±0.31b 6.9±0.31bcd 6.4±.34b
Means through the column with the same letter are not significant different 
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Table 2.2. Percentage of mortality of three species of plant parasitic nematodes with 
different stages, adult and juvenile, after 24 h exposure to three different solvent extracts 
of pokeweed leaves and seeds: methanol, ethanol and acetone extracts at 22°C at a 
concentration of 1×10
4
 (mg /l).
Treatments 
D. dipsaci A. fragariae P.penetrans
Adult Juvenile Adult Juvenile Adult Juvenile 
Control 4.4±0.57e 9.4±0.31g 8.3±0.38e 12.1±0.58f 1.7±0.48e 5.2±0.7g 
Methanol control 7±0.45e 24.8±1.22f 3.5±0.71f 12.6±0.57f 7±0.44d 13.8±0.64f 
Ethanol control 22.1±0.49c 36±0.86e 21.3±1.09d 78.6±0.31d 20.5±1.78c 64.5±0.7b 
Acetone control 14.8±0.83d 13±1.29g 7.2±0.45ef 88.9±0.46c 5.4±0.41de 7.5±0.5g 
Methanol leaves 21.5±0.39c 80.4±0.52b 87.1±0.89a 99±0.42a 18.2±0.66c 20.1±0.6e 
Methanol seeds 30.3±0.71b 54.9±0.35c 23.1±0.47d 53.4±0.25e 22.5±0.43c 44.4±0.97d 
Ethanol leaves 19.2±0.81cd 77.6±1.17b 49.2±0.65b 78.6±0.69d 49.6±0.7b 75.4±0.25a 
Ethanol seeds 30.2±0.79b 49.8±1.32c 22.1±0.67d 51.7±0.19e 21.6±0.79c 56.2±0.94c 
Acetone leaves 90.3±0.63a 96.1±0.77a 53.4±0.39b 96±0.43b 33.6±0.24b 47.8±0.43d 
Acetone seeds 30.2±0.79b 42.6±0.35d 23.6±0.71d 54.2±0.59e 54.3±0.3a 62.3±0.36b 
R T water
*
13.4±2.45b 35.4±0.5c 30.2±0.57c 53.9±0.18e 32.7±0.96b 52.7±0.41c 
Means through the column with the same letter are not significant different 
*Room temperature water extracts of pokeweed leaves
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Figure 2.1. Probabilities of mortality of mixed stages of Pratylenchus penetrans after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed leaves. 
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Fig. 2.2. Probabilities of mortality of mixed stages of Aphelenchoides fragariae after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed leaves. 
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Figure 2.3. Probabilities of mortality of mixed stages of Ditylenchus dipsaci after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed leaves. 
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CHAPTER THREE 
NEMATICIDAL ACTIVITY OF POKEWEED EXTRACTS ON FIVE PLANT-
PARASITIC NEMATODE SPECIES 
ABSTRACT 
Five species of plant-parasitic nematodes, P. penetrans (root lesion nematode), 
A.s fragariae (foliar nematode), D. dipsaci (stem and bulb nematode), R. reniformis
(reniform) and M. incognita J2 (root-knot nematode) were used to evaluate the 
nematicidal activity of RT water extracts of Phytolacca americana L. (pokeweed); 
leaves, roots and stems. The objectives of this study are; (1) Examining nematicidal 
activity of RT water extracts of pokeweed parts on the five species. (2) Determining the 
LD50 for each extract with each species. (3)  Discovering bioactive compounds. In vitro 
assay, we evaluated pokeweed parts extracts at a concentration of 10
4 
(mg/l) with each
species. M. incognita J2 showed highest mortality after 4 and 24 h exposure. The 
mortality of P. penetrans, A. fragariae, R. reniformis, and D. dipsaci was determined 
only after 24 h exposure. Leaves and roots extract showed strong nematicidal activity 
among all species, while stems extract showed intermediate nematicidal activity. The 
LD50 of leaves extract was highest among all extracts on all species.  M. incognita J2 was 
the most sensitive to pokeweed extracts among all species. In growth room, there was 
significant difference between the control and pokeweed extracts. There was not 
significant different among pokeweed part extracts on root-knot nematode. There was no 
significant difference between oxamyl treatment, and leaves, roots, and stems, treatments 
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on reniform nematode. Four compounds were identified from leaves extract using high-
performance liquid chromatography (HPLC); chlorogenic acid, kaempferol-3-glucoside, 
Quercetin-3-glucoside, and apigenin 7-O-glucoside.  
INTRODUCTION 
A few chemical nematicides as (oxamyl, carbofuran and aldicarb) are in use, and 
many of these lack broad-spectrum activity or efficacy of the same level as that of soil 
fumigants. The economic cost of research makes registration of new chemicals very 
difficult. Agrochemical companies are more likely to produce potentially high market 
value products like herbicides and insecticides rather than nematicides.  Higher plants 
have yielded a broad spectrum of active compounds, including polythienyls, 
isothiocyanates, glucosinolates, cyanogenic glycosides, polyacetylenes, alkaloids, lipids, 
terpenoids, sesquiterpenoids, diterpenoids, quassinoids, steroids, triterpenoids, simple and 
complex phenolics, and several other classes (Chitwood, 2002).  Pokeweed (Phytolacca 
americana L, is a native North American plant which was used by native Americans for 
the treatment of a variety of diseases including dysentery, cancer, and as a cathartic. 
During the 19
th
 century it was one of the treatments for syphilis. The name pokeweed is
derived from the Virginian Indian word “pocon” which means plant with red dye (Arnold 
and LeQuesne, 1970; Barceloux, 2008; Ravikiran et al., 2011). About 17 genera and 125 
species of herbs, shrubs, vines, and trees of the family of Phytolaccaceae exist in the 
tropics and subtropics area. Pokeweed is the most distributed species of the family in the 
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U.S.A (Arnold and LeQuesne, 1970).  All parts of the pokeweed are toxic depending on 
the plant part and growing season, individual susceptibility, and preparation.  The toxicity 
increases with maturity with the exception that green berries are more toxic than ripe 
berries. The roots are more toxic than leaves. The berries and stems are less toxic. Two 
times washing of pokeweed leaves does not assurance edibility (Barceloux, 2008). 
Phytoconstituents of the pokeweed mainly include triterpene saponins, triterpene alcohol, 
lignanes, and flavonoles (Ravikiran et al., 2011). Several triterpenoid glycosides 
(saponins) were isolated from the ripe berries of pokeweed and the structures were 
determined (Kang and Woo, 1980). All Phytolacca species contain a high amount of 
saponins which have promising biological activities (Bajaj, 1994). Antimicrobial peptide 
(Pa-AMP) was isolated from pokeweed seed that has antimicrobial activity. It inhibits the 
growth of several filamentous fungi and gram negative and positive bacteria. (Minami et 
al., 1998 and Liu et al., 2000). Five new triterpene saponins named phytolaccasaponins 
were isolated from the roots of P. americana together with seven known triterpene 
saponins (Wang et al., 2008). 
MATERIALS AND METHODS 
Source of nematodes. Ditylenchus dipsaci and P. penetrans were collected from 
roots of alfalfa plant grown on Gamborg’s B5 Medium in petri dishes, and A. fragariae 
was collected from fungi culture grown on potato dextrose agar medium.  Baermann 
Funnel method was used to collect nematodes. R. reniformis was collected from a field 
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soil using sugar centrifugal flotation, and M. incognita was collected from infected 
tomato roots.  
Preparation of plant extraction.   Distilled room temperature water was used to 
extract leaves, stems and roots of pokeweed after being dried in an oven for three days at 
37ᵒС and ground. Ratio of extraction was 1g: 10 ml (plant dried material: distilled water) 
for 24 h at 22°C. All extracts were first filtered using Whatman filter No 1 followed by 
filtration through cellulose acetate membrane 0.2 µm. 
In vitro assay.   In the first trial to evaluate nematicidal activity, a concentration 
of 1×10
4 
(mg/l) from each extract was used with each species. Mortality was determined
by movement of nematodes under a stereomicroscope. Recovery was assessed after 
incubating at 22±2°C for 24 h. Each treatment had five replicates and each experiment 
was performed twice. The data were analyzed by ANOVA and a Student’s t test for 
means comparisons was performed in JMP version 11(SAS Institute, Cary, NC).  
In the second trial, I determined the LD50 of extracts of pokeweed leaves, roots, and 
stems among all plant parasitic species.  Six concentrations of pokeweed extracts ranging 
from 2.2×10
3
 to 1.8×10
4
 (mg/l) were evaluated with the five species of plant parasitic-
nematodes.  A. fragariae, D. dipsaci, P. penetrans, and R. reniformis were mixed stages 
and M. incognita was J2. All treatments were incubated at 22±2°C for 24 h. Mortality 
was determined by movement of nematodes under a stereo- microscope. Recovery was 
assessed after incubating at 22±2°C for 24 h.  Each treatment had five replicates and each 
experiment was performed twice. The LD50 was calculated in JMP software version 
11(SAS Institute, Cary, NC).   
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Greenhouse experiments.   Two studies were conducted with root-knot and 
reniform nematode on soybean plants.  Seedlings of soybean cv. Hutcheson were 
inoculated with 3,000 mixed stages of reniform nematodes or 2,000 root-knot nematodes 
J2, one week after planting.  One week after inoculation, selected extracts of leaves, 
stems or roots were added at a dose of 30 mg per plant, with the nematicide oxamyl (24% 
Vydate, 0.6 µl per plant) as positive control and untreated plants as negative controls at 
29±2°C. Each experiment was repeated twice and 20 replicates per treatment were 
included.  Six weeks after inoculation, galls per plant were assessed for the root-knot 
nematode experiments and reproduction for the reniform nematode experiments. 
Chromatographic Analysis.   Water extracts of pokeweed leaves were prepared. 
Ratio of extraction was 1g/ 10ml leaves material/distilled water for 4 h at 22°C. The 
extract was filtered using Whatman filter No 1. Then the extract was centrifuged at 6500 
rpm for 10 min. The supernatant was analyzed with high-performance liquid 
chromatography (HPLC). 
RESULTS 
In vitro assay the mortality of M. incognita J2 was determined two times, after 4 
and 24 h. The mortality after 4 h exposure to RT water extracts of pokeweed leaves, root, 
and stem was 72.4, 75.4, and 50.4 %, respectively, and after 24 h exposure was 96.9, 
93.17, and 86.5 %, respectively. The recovery was 92.5, 83.7, and 57.6, respectively.  
Exposure time of 24 h was more effective than 4 h among all extracts. Leaves and root 
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extracts showed strong nematicidal activity, which less than 5 and 11% recovery 
respectively, while stem extract showed intermediate nematicidal activity, 33.4% 
recovery (Fig. 13 and Table 1). The mortality of P. penetrans, A. fragariae, R. reniformis, 
and D. dipsaci was determined only after 24 h. The mortality of P. penetrans mixed 
stages after 24 h exposure to RT water extracts of pokeweed leaves, root, and stem was 
67.3, 63.2, and 36%, respectively, and the recovery was 56.5, 52.4, and 28.2%, 
respectively. The percentage of recovery was 16, 17, and 21.6%, respectively. Leaves and 
root treatments resulted in mortality 1.87 and 1.75 times greater than stem treatment (Fig. 
14 and Table 1). The mortality of A. fragariae mixed stages after 24 h exposure to RT 
water extracts of pokeweed leaves, roots, and stems was 52.8, 50.8, and 40.7 %, 
respectively, and the recovery was 47.7, 43.7, and 34.3 %, respectively. The percentage 
of recovery was 9.6, 14, and 15.7 %, respectively. Relatively, the differential of 
nematicidal activity among extracts was very narrow (Fig.15 and Table 1).The mortality 
of R. reniformis mixed stages after 24 h exposure to RT water extracts of pokeweed 
leaves, root, and stem was 50.9, 58.3, and 32.2 %, respectively. The percentage of 
recovery was 23.8, 25.5, and 21.6 %, respectively. Roots and leaves treatments resulted 
in mortality 1.81 and 1.58 times greater than stem treatment (Fig.16 and Table 1).The 
mortality of D. dipsaci mixed stages after 24 h exposure to RT water extracts of 
pokeweed leaves, roots, and stems was 10.3, 10.8, and 10 %, respectively. Obviously, 
there was no nematicidal activity of all extracts (Fig.17).  
I conducted a second trial to determine the LD50 of extracts of pokeweed leaves, 
roost, and stems among all plant parasitic species. Six different concentrations from each 
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extract ranging from 2.2×10
3 
to 1.8×10
4
 (mg/l) were prepared. The mortality among all
species was increased by increasing the concentrations of pokeweed parts. The 
concentration of 1.8×10
4
 (mg/l)
 
of pokeweed leaves extract showed the highest effect, the
mortality of A. fragariae, P. penetrans, and R. reniformis was 94.3, 89.6, and 87%, 
respectively. Moreover, pokeweed root extract at the same concentration showed high 
effect among three species, the mortality was 81.1, 80.6, and 81.7%, respectively. While, 
pokeweed stems extract at the same concentration showed less effect than leaves and 
roots extracts, the mortality was 78.4, 72.9, and 78.6%, respectively. The LD50 of leaves, 
roots, and stems, extracts   for M. incognita was 3759, 4507.6 and 5233.6 (mg/l), 
respectively (figs.10, 11, and 12). The LD50 of leaves, roots, and stems, extracts   for R. 
reniformis was 8954.5, 9321.3, and 12701.8 (mg/l), respectively (figs.7, 8, and 9). The 
LD50 of roots and stems extracts for P. penetrans was 9929.6 and 13728 (mg/l), 
respectively (figs.1and 2). The LD50 of roots and stems extracts for A. fragariae was 
10446.2 and 12362.3 (mg/l), respectively (figs. 3 and 4). The mortality of D. dipsaci with 
the highest concentration which is 1.8×10
4
 (mg/l) was less than 50%, but the software
was able to determine the LD50. The LD50 of roots and stems extracts for D. dipsaci was 
42830.7 and 56356.6 (mg/l) (figs.5 and 6).  
Growth room experiments. Root-knot nematode: in first trial there were 
significant differences between the control and pokeweed extracts. There was no 
significant difference among pokeweed part extracts.  The control treatment had the 
highest number of galls with a mean of 120.2, and the extracts of pokeweed treatments; 
root, leaves, and stems had galls of 85.7, 72.9 and 62.7 respectively. In the second trial 
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there were significant differences among the control, pokeweed part extracts, and oxamyl 
treatments. There was no significant different between pokeweed extracts. Oxamyl 
resulted in the lowest number of galls with a mean of 15.75, and the control resulted in 
the highest number with a mean of 84.7 (fig.18). 
Reniform nematode: in the first trial there were significant differences between 
control and oxamyl treatments. There was no significant difference between oxamyl 
treatment compared with leaves or stems extract treatments. The control treatment had 
the highest number of nematodes with a mean of 12,616, and the extracts of pokeweed 
treatments; roots, leaves, and stems had nematodes with a mean of 10,750, 10,079 and 
8,935, respectively, and oxamyl treatment had nematodes with a mean of 9,800. In the 
second trial there were significant differences between control, leaves extract, and the 
remaining of the other treatments. There was no significant difference between oxamyl, 
root, and stems extract treatments. The control treatment had the highest number of 
nematodes with a mean of 2781.6, and the extracts of pokeweed treatments; leaves, roots, 
and stems had nematodes with a mean of 2082.2, 1346.5 and 1217, respectively, and 
oxamyl treatment had nematodes with a mean of 1331 (fig. 19). 
Chromatographic Analysis.   Four compounds were obtained using high-
performance liquid chromatography (HPLC): chlorogenic acid, kaempferol-3-glucoside 
(astragalin), Quercetin-3-glucoside (isoquercetin), and apigenin 7-O-glucoside. Two 
compounds, astragalin and chlorogenic acid, were evaluated their bioactive effects 
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separately at concentrations up to of 1×10
3
 (mg/l) on all plant parasitic species in this
study. There was no nematicidal effect on all species.     
DISCUSSION 
The second stage juvenile of M. incognita was evaluated, while mixed stages 
were used for the other species. The results in this study showed that all extracts of 
pokeweed parts resulted in strong nematicidal activity on M. incognita J2 with 
concentration 1×10
4
 mg/l compared with the mixed stages of the remaining of species.
While D. dipsaci showed no effect with all extracts. The mortality among all species 
tended to increase with concentration increasing for all pokeweed extracts. Mukhtar et al. 
(2013) evaluated M. incognita with different concentrations of aqueous extracts of 
Cannabis sativa and Zanthoxylum alatum and different time exposure on hatching and 
mortality. Both the plants had significant effects on juvenile mortality and hatching 
inhibition in a dose-dependent manner. Mortality and hatching inhibition caused by C. 
sativa was significantly higher than that of Z. alatum. Time exposure also affected 
mortality and hatching inhibition significantly.  
My results supported a study conducted to evaluate M. javanica J2, Tylenchulus 
semipenetrans, Aphelenchus avenae, Pratylenchus mediterraneus, and D. dipsaci with 
leaves powder and leaves extracts of Inula viscosa (Oka et al., 2001). M. javanica J2 in 
sand was greatly reduced by mixing in leaves powder of I. viscosa at a concentration of 
0.1% (w/w). Powder from other plant parts, except the root, also showed nematicidal 
activity. Fresh shoots incorporated into the sand showed less of a nematicidal effect. An 
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aqueous extract of the leaves powder exhibited low nematicidal activity against the 
nematode, while its extracts with organic solvents showed stronger activity. M. javanica 
was most sensitive to the leaves powder, followed by T. semipenetrans, while A. avenae, 
D. dipsaci and P. mediterraneus were much less or not at all affected. Zouhar et al (2009)
evaluated nematicidal activity of different essential oils of 35 medicinal and aromatic 
plants on D. dipsaci. The mortality was significantly increased by exposure to essential 
oils of Eugenia caryophyllata, Origanum compatum, O. vulgare, Thymus vulagaris and 
T. matschiana with concentrations of 5000 and 7500 (mg/l). Time exposure did not affect
mortality except T. matschiana showed significant mortality at 6 h exposure comparing 
with 3 h exposure at 3×10
3
 (mg/l). No effect on mortality was observed in essential oils
from mix of different Tagetes spp or Tagetes bipinata, while some species of genus 
Tagetes: T. erecta, T. minuta and T. patula are used for nematode control. Mentha spicata 
essential oil showed no nematicidal activity against D. dipsaci, while it has been effective 
against the M. javanica (Oka et al., 2000). The essential oils from Rosmarinus officinalis 
and Salvia officinalis showed no nematicidal activity on D.dipsaci, while these oils 
showed nematicidal activity to control J2 and egg hatch of M. javanica (Oka et al., 2000). 
Another study was conducted to evaluate nematicidal activity for two flavanones 
compounds: the first one was 8-(3-Methyl-but-2-enyl)-2-phenyl chroman-4-one and the 
second one was 2-(4-hydroxyphenyl)-8-(3-methyl-but-2-enyl)-chroman-4-one isolated 
from Phyllanthus niruri plant against M. incognita and R. reniformis (Shakil et al., 2008), 
the LC50 of first compound against  M. incognita and R. reniformis was 70.9 and 102.9 
(mg/l), respectively. The LC50 of second compound was 14.5 and 3.3 (mg/l), respectively. 
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The second compound was found to be as effective as carbofuran (LC50 3.3 mg/l) against 
R. reniformis. However, the first compound was more effective against M. incognita.
Another study was conducted to determine the LD50 of Abamectin of M. incognita and R. 
reniformis (Faske and Starr., 2006) the results showed that M. incognita was more 
sensitive to abamectin than R reniformis at all concentrations above 0.21(mg/l). At a 
concentration of 21.2 (mg/l)
 
of abamectin and 2 h exposure, the mortality of M. incognita 
and R. reniformis was 99 and 28%, respectively, and the mortality reached 100 and 97%, 
respectively, after 24 h exposure at the same concentration. The LD50 after 2 h exposure 
for M. incognita and R. reniformis was 1.56 and 32.9 (mg/l), respectively, the LD50 after 
24 h exposure were 0.42 and 3.49 (mg/l).   
The results in this study showed no effect of astragalin and chlorogenic acid in 
vitro, individually and at the concentration found in the plant extracts, indicating these 
are not the main compunds responsible for the nematotoxic activity observed.  Natural 
compounds present in pokeweed; kaempferol, quercetin, quercetin 3-glucoside, 
isoqueritrin and ferulic acid, were isolated and tested for their antibacterial activity 
against the pathogens, Porphyromonas gingivalis and Streptococcus mutans (Bylka and 
Matlawska, 2001; Patra et al., 2014). Kaempferol employed antibacterial activity against 
both the pathogens, while quercetin showed potent growth inhibition activity against only 
S. mutans in a concentration dependent manner. The crude extract of pokeweed was
highly active against P. gingivalis demonstrated 100% growth inhibition, and was 
moderately active against S. mutans demonstrated 44% growth inhibition at 1.8 mg/ml. 
The chloroform and hexane fraction controlled the growth of P. gingivalis with 91% and 
54 
92% growth inhibition at a concentration of 0.2 mg /ml, respectively. Three species of 
Phytolccaceae family were examined for their allelochemical effect and seed germination 
inhibition of Lactuca indica and Sonchus oleraceus treated with leaves extracts (Kim et 
al., 2005). P. americana resulted in the highest total concentrations of phenolic 
compounds at 72.2 (mg/l), while P. esculenta and P.  insularis resulted in 29 and 32.1 
(mg/l), respectively. Seven phenolic compounds were identified by HPLC analysis of 
Phytolaccaceae extracts: gallic acid, protocatechuic acid, chlorogenic acid, caffeic acid, 
m-hydroxybenzoic acid, p-coumaric acid, and cinnamic acid. Chlorogenic acid in P.
esculenta and P. americana exhibited the highest concentration, whereas P. insularis 
appeared to have none. Kobayashi et al (1995) evaluated the methanolic extract of a dual 
culture consisting of a plant cell line, P. americana and a fungus Botrytis fabae showed a 
marked antifungal activity to Cladosporium herbarum. The main active constituent of 
this extract was identified to be phytolaccoside B (PIs B) by the spectroscopic analyses. 
The presence of saponins in my extracts was observed by formation of foam after 
shaking RT water extracts of pokeweed parts (Hernández-Villegas et al., 2011). Avato et 
al (2006) investigated the antimicrobial activity of saponins from Medicago sativa, M. 
arborea and M. arabica against a selection of medically important yeasts, Gram-positive 
and -negative bacteria. Structure-activity growth inhibitory effects of related 
prosapogenins and sapogenins are also described. Increasing antibiotic activity was 
observed going from the saponin extracts to the sapogenin samples, suggesting that the 
sugar moiety is not important for the antimicrobial efficacy. Activity was especially high 
against Gram-positive bacteria (Bacillus cereus, B. subtilis, Staphylococcus aureus and 
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Enterococcus faecalis) with M. arabica being the species showing a broader spectrum of 
action. Discrete antifungal activity was also observed, mainly against Saccharomyces 
cerevisiae. The observed antimicrobial properties of M. sativa and M. arborea were 
related to the content of medicagenic acid, while hederagenin seems to contribute to the 
bioactivity of M. arabica total sapogenins. Chaieb et al (2007) investigated the 
insecticidal, nematicidal, and molluscicidal activities of a saponin extracted from the 
leaves of Cestrum parqui, the results showed high insecticidal activity of saponins 
against of Spodoptera littoralis and Tribolium confusum. The toxicity caused by 
correlation and interference of dietary cholesterol with saponins. The toxicity decreased 
when adds cholesterol compounds to food of insects. However, the saponins showed high 
molluscicidal activity against of Theba pisans snails, the mode of action showed that 
saponins interfere with the water retention mechanisms which cause mortality by 
dehydration. Furthermore, the saponins showed high nematicidal activity against egg 
hatching of M. incognita, the results showed that the inhibition hatching increased with 
increasing concentration. They investigated that saponins kill eggs not delay hatching. 
Ibrahim and Srour (2014) evaluated the nematicidal activity of different concentrations of 
saponins extract from Medicago sativa (alfalfa) against juveniles of M. incognita on 
tomato seedlings the nematicidal activity of saponins was determined by measuring of 
nematode population and tomato roots after 10 days of treatment. The results showed that 
all saponins concentrations inhibited the development of juveniles, the concentration of 
100% of crude extract of saponins showed the highest inhibitory effect. The level of total 
cholesterol in eggs and juvenile treated with different concentrations of saponins was 
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significant reduced compared to untreated control. The level of cholesterol was dose 
dependent. The results showed that 100 and 75% saponins crude extract resulted in the 
lowest cholesterol level in the nematode. Argentieri et al (2008) investigated nematicidal 
activity of saponins from tops of Medicago arborea, tops and roots of M. Arabica, and 
tops and root of M. sativa on Xiphinema index. Böttger et al (2012) tested a variety of 
saponins with distinct structures. Sugars associates to one or more sits of this structure. 
These structures give amphiphilic properties to saponins compounds which allow 
interacting with both lipophilic and hydrophilic structures. The surfactant behavior lets 
them lower the surface tension in aqueous solutions and form micelles when reaching the 
critical micelle concentration.  It also lets them interact with biologic membrane layers 
that usually consist of phospholipids and cholesterol.  This action may disturb the 
membrane and its function leading to membrane perforation or complete lysis. Therefore, 
saponins are known for their cytotoxicity and membranolytic, respectively hemolytic 
features.  Chitwood (1992) mentioned that several compounds as polythienyls, 
acetylenes, alkaloids, carboxylic acids, fatty acids and derivatives, phenolics and 
terpenoids that have reported nematicidal activity were isolated from many plant parts. 
The nematicidal activity caused by plant extracts resulting in many reasons as existence 
of water soluble toxic compounds, microbial metabolites, high osmotic strength, changes 
of pH, or removal of oxygen from the solutions.  
The nematicidal activity of my results could be due to a single compound or to a 
complex of compounds, or other mechanisms and/or interactions. The results of the study 
showed that the extracts of pokeweed parts, possess high potentials for the control of 
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root-knot nematodes and other plant parasitic nematodes. These extracts of pokeweed 
could be the possible replacement for synthetic nematicides. In growth room trials, we 
applied 30 mg plant materials per plant to control root-knot nematode and reniform. This 
dose is equivalent to 750 kg ha
-1
. This dose of pokeweed leaves, root, and stem controlled
46, 40, and 50% of root knot nematode, respectively, and controlled 22.5, 33.1, and 
42.6% of reniform nematode, respectively. Stem and root extracts were strong as oxamyl 
as on reniform. 
Recently, many studied were conducted to investigate nematicidal activity using 
plant extracts. Ntalli et al (2010) isolated several essential oils from eight Greek 
Lamiaceae species, these essentials oils exhibited high nematicidal activity against M. 
incognita. Kayani et al (2012) evaluated the nematicidal activity of Cannabis sativa L. 
and Zanthoxylum alatum against M. incognita, these plants applied to soil at different 
rates. Significantly, both plants reduced infestation nematode and increased plant growth 
comparing with untreated treatments. Number of galls and eggs mass were significant 
reduced.  Nguyen et al (2009) evaluated the nematicidal activity of methanol extracts of 
26 medicinal plants and herbs. Cinnamomum cassia bark extract showed the highest level 
of nematicidal activity against juvenile and adult of Bursaphelenchus xylophilus at 10 
(mg/l) after 7 h exposure. Oka et al (2000) evaluated essential oils extracted from 27 
plants in vitro assay and pots against M. javanica. Twelve of 27 essential oils inhibited 
more than 80% of nematodes at a concentration of 10
3
 (mg/l). Furthermore, nematode
hatching was inhibited at this concentration.  
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Table 3.1. Percentage of recovery of M. incognita J2, P. penetrans, A. fragariae, and R. 
reniformis after 24 h exposure to room temperature water extracts of pokeweed parts at a 
concentrations of 1×10
4
 (mg/l) and recovery for 24 h.
Species Leaves Roots Stems 
M. incognita J2 4.5 10 33.4 
P. penetrans 16 17 21.6 
A. fragariae 9.6 14 15.7 
R. reniformis 53.2 56.2 33 
% 𝑜𝑓 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =
 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑓𝑡𝑒𝑟 24 ℎ − 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑓𝑡𝑒𝑟 24 ℎ 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟
𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑓𝑡𝑒𝑟 24 ℎ
× 100 
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Fig 3.1. Probabilities of mortality of mixed stages of Pratylenchus penetrans after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed roots. 
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y= e-2.01 + 0.0002x/1+e-2.01 + 0.0002x
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= 9929.6 ± 420 (mg/L)
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Fig 3.2. Probabilities of mortality of mixed stages of Pratylenchus penetrans after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed stems. 
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Fig 3.3. Probabilities of mortality of mixed stages of Aphelenchoides fragariae after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed roots. 
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y= e-2.05 + 0.00019x/1+e-2.05 + 0.00019x
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Fig 3.4. Probabilities of mortality of mixed stages of Aphelenchoides fragariae after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed stems. 
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y= e-2.34 + 0.00018x/1+e-2.34 + 0.00018x
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= 12362.3 ± 652.3 (mg/L)
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Fig 3.5. Probabilities of mortality of mixed stages of Ditylenchus dipsaci after exposure 
for 24 h to different concentrations of room temperature water extracts of pokeweed 
roots. 
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y= e-2.42 + 0.000056x/1+e-2.42 + 0.000056x
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= 42830.7 ± 8300 (mg/L)
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Fig.3.6. Probabilities of mortality of mixed stages of Ditylenchus dipsaci after exposure 
for 24 h to different concentrations of room temperature water extracts of pokeweed 
stems. 
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68 
Fig 3.7. Probabilities of mortality of mixed stages of Rotylenchulus reniformis after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed leaves. 
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Fig 3.8. Probabilities of mortality of mixed stages of Rotylenchulus reniformis after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed roots. 
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Fig 3.9. Probabilities of mortality of mixed stages of Rotylenchulus reniformis after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed stems. 
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Fig 3.10. Probabilities of mortality of mixed stages of Meloidogyne incognita after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed leaves. 
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Fig 3.11. Probabilities of mortality of mixed stages of Meloidogyne incognita after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed roots. 
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Fig 3.12. Probabilities of mortality of mixed stages of Meloidogyne incognita after 
exposure for 24 h to different concentrations of room temperature water extracts of 
pokeweed stems. 
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Fig 3.13. Percentage Mortality of M. incognita J2 after exposure to 4 to 24 h for room 
temperature water extracts of pokeweed leaves, roots, and stems in concentration 1×10
4
(mg/l) and recovery after 24 h, (n=15). Horizontal bar shows the standard deviation. 
Different letters indicate significant difference for each time separately. Numbers indicate 
means. 
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Fig.3.14. Percentage Mortality of P. penetrans mixed stages after exposure to 24 h for 
room temperature water extracts of pokeweed leaves, roots, and stems in concentration 
1×10
4
 (mg/l) and recovery after 24 h, (n=10). Horizontal bar shows the standard
deviation. Different letters indicate significant difference between 24 h and recovery for 
each extract separately. Numbers indicate means. 
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Fig.3.15 Percentage Mortality of A. fragariae mixed stages after exposure to 24 h for 
room temperature water extracts of pokeweed leaves, roots, and stems in concentration 
1×10
4
 (mg/l) and recovery after 24 h, (n=10). Horizontal bar shows the standard
deviation. Different letters indicate significant difference between 24 h and recovery for 
each extract separately. Numbers indicate means. 
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Fig.3.16. Percentage Mortality of R. reniformis mixed stages after exposure to 24 h for 
room temperature water extracts of pokeweed leaves, roots, and stems in concentration 
1×10
4
 (mg/l) and recovery after 24 h, (n=10). Horizontal bar shows the standard
deviation. Different letters indicate significant difference between 24 h and recovery for 
each extract separately. Numbers indicate means. 
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Fig.3.17. Percentage Mortality of D. dipsaci mixed stages after exposure to 24 h for room 
temperature water extracts of pokeweed leaves, roots, and stems in concentration 1×10
4
(mg/l), (n=10). Horizontal bar shows the standard deviation. Different letters indicate 
significant difference. Numbers indicate means. Means are the result of ten replicates per 
treatment. 
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Fig.3.18. Percentage of galls per plant relative to control. (n=20) for each treatment. Two 
trials were conducted.  Treatments included 30 mg per plant of extract of root, leaves, or 
stems, and untreated control and positive control (oxamyl) only in the second trial. 
Seedlings of soybean cv. Hutcheson were inoculated with 2,000 juveniles of root-knot 
nematode and evaluated 6 weeks after inoculation. Different letters indicate significant 
difference in each trial independently.  
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Fig.3.19. Percentage of galls per plant relative to control. (n=20) for each treatment. Two 
trials were conducted. Treatments included 30 mg per plant of extract of roots, leaves, or 
stems, and untreated control and positive control (oxamyl). Seedlings of soybean cv. 
Hutcheson were inoculated with 3,000 mixed stages of reniform nematode and evaluated 
6 weeks after inoculation. Different letters indicate significant difference in each trial 
independently.  
0
10
20
30
40
50
60
70
80
90
100
leaves roots stems oxamyl
p
e
rc
e
n
ta
ge
 n
u
m
b
e
r 
o
f 
n
e
m
at
o
d
e
 p
e
r 
p
la
n
t 
re
la
ti
ve
 t
o
 c
o
n
tr
o
l 
first trial
second trial
a a a a 
a 
b b b 
81 
CONCLUSIONS 
 Developed an in vitro assay with oxamyl as positive control.
 The nematicidal activity of pokeweed extracts was the highest of the plants
evaluated.
 Water solubility issues prevent evaluation of extracts obtained with other solvents
(methanol, ethanol, acetone).
 The nematicidal activity of pokeweed extracts is not due to astragalin or
chlorogenic acid individually
 Pokeweed extracts did not show good control of reniform nematode in
greenhouse studies.
 Pokeweed extracts show some promise as a tool for management of root-knot
nematode as part of an integrated management program.
FUTURE WORK 
 Characterize the types of acetylcholinesterase of all the species evaluated in this
study.
 Field or microplate evaluations on a diversity of crops.
 Identify and evaluate other bioactive compounds in the plant extracts considered.
 Evaluate the phytotoxicity of pokeweed extracts on a variety of cultivated plant.
 Study ways to improve water solubility of extracts and potential alternative
formulations.
 Calculate costs and efficiency of extraction process for scaling of the process.
